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[57] ABSTRACT 
An apparatus for the measurement and non-destructive 
material testing of laid pipelines in the form of a scraper 
moved through the pipeline and guided on the inner 
wall thereof, has at least one circular support with sen 
sors arranged on the circumference thereof and at least 
one pressure-tight casing, which has devices for pro 
cessing and recording the measured values and the 
power supply. In order to ensure that the sensors are 
always at the minimum constant distance and with a 
constant angular position with respect to the pipe wall, 
the support is constructed as a cylindrical sleeve made 
from a rubber elastic material and is provided with an 
axially, radially and circumferentially regular pro?le, 
whose protuberances are located on a cylindrical enve 
lope surface with a somewhat larger external diameter 
than the internal diameter of the pipeline and in whose 
depressions the sensors are arranged on a surface con 
centric to the envelope surface. The sleeve is attached 
by universal joint to the trailing end of the scraper. 

17 Claims, 8 Drawing Sheets 



US. Patent Feb. 28, 1989 Sheet 1 0f 8 4,807,484 

Pol 

E . 

..H,1X..wri; ‘11%, , 
11 EFEWE m N 



US. Patent Feb. 28, 1989 Sheet 2 of 8 4,807,484 
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FIG 4 
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FIG 5 
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APPARATUS FOR THE MEASUREMENT AND 
NON-DESTRUCI‘IVE MATERIAL TESTING OF 

LAID PIPELINES 

BACKGROUND OF THE INVENTION 

The present invention relates to an apparatus for the 
measuring and non-destructive material testing of laid 
pipelines in the form of a scraper moved through the 
pipeline and guided on the inner wall thereof and which 
has at least one circular support with sensors arranged 
on its circumference and at least one pressure-tight 
casing, which receives devices for processing and re 
cording the measured values, as well as for the power 
supply. _ 

Apparatuses of this type, which are also called intelli 
gent scrapers, are increasingly being used in long-dis 
tance pipelines, particularly for transporting oil and gas 
for the purpose of detecting faults on said pipeline. 
They are generally moved through the pipeline by the 
medium transported and perform measurements of dif 
ferent types. It is most frequently a question of carrying 
out measurements on the pipe wall, so as to be able to 
e.g. establish local corrosion, wall thickness reductions 
due to mechanical damage, pitting and the like. Differ 
ently functioning sensors are used as a function of the 
intended task, e.g. electrooptical, ultrasonic and similar 
sensors. 

In order to scan the entire circumference of the pipe 
wall, the sensors are arranged on a rigid ring (U.S. Pat. 
No. 4,022,055), whereby the ring and, therefore, also 
the sensors must have a signi?cant distance from the 
pipe wall, so as not to be damaged by non-circularities 
of the pipe or local bulges. The measuring accuracy 
suffers as a result of the signi?cant distance between the 
effective areas of the sensors and the pipe wall. The 
measurement result is also falsi?ed in the case of non 
circularities and bulges, due to the different type of 
spacing conditions at the points. In addition, rotary 
supports for sensors are known (DE-OS No. 2 156 434 
and US. Pat. No. 3,539,915), but as a result of the rotary 
movement constitute a source of additional operational 
problems. Moveover, the sensors are connected by 
complicated mechanical articulations, linkages, etc to 
the rotary support, which are intended to ensure that 
the sensors are guided at a constant distance from the 
inner wall of the pipe. However, these mechanical 
means additionally impair the operational reliability. 
Here again a constant distance between effective sensor 
area and pipe wall is only ensured to a limited extend. In 
particular the angulr position of the sensor with respect 
to the pipe wall, which should always be perpendicular, 
is not ensured, particularly in the case of non-circularity 
or other bulges on the pipeline. In addition, a surface 
covering scanning is only possible with signi?cant ex 
penditure and effort, if at all, so that in certain circum 
stances small local defects may not be detected. 

SUMMARY OF THE INVENTION 

The aim underlying the present invention resides in 
providing an apparatus with a simple and operationally 
reliable construction, in which the distance between the 
sensors and the pipe wall is relatively small and identi 
cal for all the sensors and neither the distance, nor the 
angular position of the sensors with respect to the pipe 
wall are modi?ed by non-circularities thereof. 
According to the invention the support is constructed 

as a cylindrical sleeve made from rubber elastic material 
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2 
and is provided with a regular pro?le in the axial, radial 
and circumferential direction, whose protuberances are 
located on a cylindrical envelope surface having a 
somewhat larger external diameter than the internal 
diameter of the pipeline and in whose depressions the 
sensors are arranged on a surface concentric to the 
envelope surface. 
The invention proposes a sensor support in the form 

of a sleeve made from a material with rubber elastic 
characteristics, which can consequently adapt to the 
pipe wall, particularly to unevennesses. In the relaxed 
starting position the sleeve or envelope surface of the 
pro?le protuberances has a somewhat larger external 
diameter than the internal diameter of the pipeline. On 
inserting in the pipeline the sleeve is somewhat circum 
ferencially compressed, so that the pro?le protuber 
ances snugly engage on the pipe wall and this is still 
ensured when the pipeline has non-circularities, bulges 
and the like. The sensors are located in the pro?le de 
pressions on a surface concentric to the envelope sur 
face and, consequently, have an identical, clearly de 
?ned spacing, as well as an identical and clearly de?ned 
angular position with respect to the pipe wall. As the 
sleeve and, consequently, also the pro?le depressions 
follow any non-circularities of the pipe, the spacing and 
angular position of the sensors with respect to the pipe 
wall also remain identical at these point. Thus, a com 
pletely satisfactory operation of the sensors is ensured 
over the entire measuring distance or range. It is a deci 
sive advantage compared with theknown scrapers with 
sensors guided in a spacing-variable manner, that the 
inventive apparatus has no moving parts and no me 
chanical transmission elements, so that an operationally 
reliable apparatus is obtained, which is of decisive im 
portance when working within a. pipeline over long 
distances. 
According to a preferred construction the protuber 

ances and depressions are constructed in or axially ex 
tending manner. Thus, in cross section, the sleeve has a 
pro?le giving it a good reversible deformability in the 
circumferential direction while through it substantially 
axially parallel extension it leads to no signi?cant in 
crease in the resistance in the direction of movement of 
the scraper. 

Advantageously the depressions are formed by 
grooves in the cylindrical sleeve, the latter being prefer 
ably provided in the vicinity of the protuberances with 
substantially axially parallel grooves. Thus, circumfer 
entially, the sleeve has a type, of concertina pro?le, 
which further favors the reversible deformability and 
de?ects the forces acting on the sleeve mainly in the 
circumferential direction, so that such radial forces 
substantially lead to a reduction or increase in the diam 
eter. This also ensures that the sensors always retain 
their spacing and angular position with respect to the 
pipe wall. This pro?le ensures the deformability of the 
sleeve also in the longitudinal direction, so that in all it 
is well adapted to radially and axially extending non-cir 
cularities in the pipeline. 

In the vicinity of both the protuberances and the 
depressions, the pro?le can have a relatively large wall 
thickness, so as to externally prevent the wear necessar 
ily occurring due to the guidance in the pipeline and so 
as to internally have an adequate carrying strength for 
receiving the sensors. However, the substantially radi 
ally directed wall webs between the protuberances and 
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the depressions can be in a relatively thin-walled form 
and, therefore, further aid deformability. 

In place of the grooves provided on the inside in the 
vicinity of the strip-like protuberances, in the vicinity of 
the latter the sleeve can also be provided with a narrow 
pattern of small diameter holes, so that in this area the 
sleeve has increased transverse compressibility. It can 
virtually “breath” in the vicinity of the protuberances 
and in particular gives or yields in the circumferential 
direction, whereas, the pro?le is dimensionally stable in 
the vicinity of the strip-like depressions. 
According to a preferred construction of the inven 

tion the protuberances and groove-like depressions are 
arranged at an acute angle to the sleeve axis. If several 
sensors are successively arranged in these grooves, then 
between the sensors there is a mutual circumferential 
displacement, so that the sensors arranged in one 
groove cover one surface strip on the pipe wall which is 
wider than the effective area of each individual sensor. 

Preferably, the angle between the axial direction of 
the groove-like depressions and the axis of the sleeve is 
such that the active areas of the sensors successively 
arranged in the depression overlap one another, when 
considered axially. This permits a surface-covering 
scanning or measurement on the pipe wall. 
This is also the purpose served by the further mea 

sure, according to which the length of the groove-like 
depressions is such that the effective area of the last 
sensor in one depression and the ?rst sensor in the adja 
cent depression overlap one another. The length of the 
groove-like depressions necessary for a surface-cover 
ing inspection of the pipeline and therefore the length of 
the sleeve is mainly determined by the size of the angle 
at which the depressions are set with respect to the axial 
direction. 

In order to position the sensors, the sleeve has 
threaded bushes open towards the inside for threadably 
mounting the sensors and which are advantageously 
arranged on the material strip of the sleeve forming the 
groove-like depressions between the holes receiving the 
sensors. 

According to another development of the invention, 
on the end of the sleeve in advance in the movement 
direction of the scraper, it is drawn conically inwardly 
to form a support ?ange by which it is ?xed to the 
scraper. The conically drawn end face leads the sleeve 
over any obstacles in the pipeline. 
The inventively constructed apparatus is optimized 

according to another feature of the invention in that the 
sleeve is joined to the scraper by a central universal 
joint, with the sleeve preferably being attached to the 
end of the scraper which trails in the direction of move 
ment. As a result of this construction the apparatus is 
drawn by the scraper, in much the same way as a two 
wheel trailer, and as a result of the cardan joint, the 
sleeve follows the pipe wall when the pipe bends and 
the angular deviation between pipe axis and sleeve axis 
is kept to a Advantageously the cardan joint 
is located at a limited distance behind the guide rolls 
engaging on the pipe wall and provided on the trailing 
end of the scraper. 

Preferably, between the cardan joint and the support 
?ange of the sleeve, are provided a plurality of tie rods 
distributed about the axis and spherically mounted at 
both ends. As a result of this construction the sleeve 
remains ?exible in its support flange and gives way to 
non-circularities in the pipe in impediment-free manner. 
In addition, the sleeve can constantly center itself with 
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out being forced out of the pipe axis by movements of 
the scraper. 
According to an appropriate embodiment at the end 

of the tie rods facing the scraper they are spherically 
mounted on an intermediate plate, which, in turn, has 
the cardan joint. 

Finally, the tie rods slope outwardly from the inter 
mediate plate and preferably extend somewhat in the 
axial direction of the drawn conical portion of the 
sleeve. Thus, the tensil forces act in the direction of the 
conical portion of the sleeve, so that deformations in a 
vicinity of the support ?ange of the sleeve are avoided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is described in greater detail hereinaf 
ter relative to non-limitative embodiments and the at 
tached drawings, wherein: 
FIG. 1 is a side view of an embodiment of the scraper; 
FIG. 2 is a larger—scale longitudinal section through 

an embodiment of the sleeve; . 
FIG. 3 is a cross-sectional view taken along the line 

III--III in FIG. 2; 
FIG. 4 is a cross-sectional view taken along the line 

IV—-IV in FIG. 2; 
FIG. 5 is a view of the sleeve; 
FIG. 6 is a partial longitudinal section through the 

sleeve in an operating position; 
FIG. 7 is a partial view of the sleeve in a different 

construction; and 
FIG. 8 is a larger-scale partial view of the connection 

of the sleeve to the scraper. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

In the embodiment shown in FIG. 1, the scraper has 
three successively arranged scraper bodies 2, 3, 4, with, 
in each case, a pressure-tight casing. The casing of the 
?rst scraper body 2 is provided with several sleeves 5, 
which internally tightly engage with the pipeline 6 and 
ensure the advance of scraper 1 with the aid of the 
medium transported in the pipeline. The casing of 
scraper body 2 contains e.g. batteries for the electric 
power supply of the apparatus. The second scraper 
body 3 is guided on the irmer wall of pipeline 6 by front 
and rear roller sets 7 and receives in its casing the data 
processing and recording devices, while the last scraper 
body 4 in the apparatus movement direction 8 contains 
in its easing test electronics for the hereinafter described 
sensors. This scraper body 4 is also guided on the inner 
wall of pipeline 6 by roller sets 9. In the embodiment 
shown in FIG. 1, a sleeve generally designated by the 
reference numeral 10 with the sensors is attached to the 
trailing end of the scraper 1. 
FIG. 2 shows sleeve 10 made from a rubber elastic 

material in longitudinal section. It has a cylindrical, 
hose-like portion 11, which is drawn inwards by a coni 
cal portion 12 at its leading end in the movement direc 
tion 8 of scraper 1. Conical portion 12 passes into a 
support ?ange 13, by which sleeve 10 is ?xed to scraper 
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As show in FIGS. 3 and 4, the hose-like portion 11 of 
sleeve 10 has a pro?le with protuberances 14 and de 
pressions 15, which are constructed as groove-like cavi 
ties. On the inside of the sleeve in the vicinity of protu 
berances 14, there are also narrower grooves 16, so that 
considered circumferentially a type of concertina pro 
?le is obtained. The protuberances 14 are located on a 
common envelope surface shaped like a circular cylin 
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der, whose external diameter in the relaxed position is 
somewhat larger than the internal diameter of the pipe 
line (FIG. 1), so that after inserting the scraper in the 
pipeline, the sleeve 10 is compressed somewhat. This 
ensures that the protuberances 14 thereof engage on the 
pipe wall. 
The sensors 17, used for measurement or none 

destructive testing, are located in depressions 15 (FIG. 
2). For this purpose, in the vicinity of depressions 15, 
sleeve 10 has through-holes 18, in which the sensors 17 
are inserted. Threaded bushes 19 are cast in the area 
between holes 18 for ?xing sensors 17. Sensors 17 are 
connected by connecting cables 21 to the test electron 
ics on the pressure-tight casing of scraper body 4 (FIG. 
1). 
As shown in FIG. 5, the grooves 15 are at an acute 

angle to axis 22 of sleeve 10. Several sensors 17 are 
successively arranged in each groove 15, only one being 
shown in FIG. 5. The sensors 17 are spaced in such a 
way that there is an overlap in the axial direction of 
their effective areas. In addition, the length of groove 
15 and the number of sensors 17 are such that the effec 
tive area of the last sensor in one groove overlaps with 
the affective area of the ?rst sensor in the adjacent 
groove, so that the effective areas of the sensors com 
pletely cover the pipe walls. 
As stated, the sleeve 10 is made from a rubber elastic 

material. The deformability of the sleeve 10 is further 
aided by its special pro?le (FIGS. 3 and 4). Despite the 
elasticity of the sleeve 10, it is ensured that the effective 
areas of the sensor 17 located in holes 18 are located on 
a cylindrical base surface, so that all the sensors 17 have 
the same, constant spacing with respect to the pipe wall. 
In order to also ensure elasticity in the front region, the 
outer grooves extend into the vicinity of the conical 
portion, while the inner grooves 16 extend up to the 
inside of support ?ange 13. Slot-like recesses 23 (FIGS. 
2 and 5) can be provided in the transition region be 
tween portion 11 and conical portion 12 and run parallel 
to grooves 15. A construction modi?ed compared with 
FIGS. 2 to 4 for obtaining an adequate elasticity of 
sleeve 10 is shown in FIG. 7. There are once again 
grooves 15, as in the previously described embodiment, 
while the inner grooves 16 (FIGS. 2 and 3) have been 
replaced by a narrow pattern of small diameter holes 24. 
Thus, once again sleeve 10 can be circumferentially 
compressed and expanded. 
The elasticity of the sleeve 10 resulting from the 

characteristics of the material and the pro?ling, occurs 
not only circumferentially, but also longitudinally. 
Thus, the sleeve 10 is both circumferentially and axially 
adapted to the pipe wall, as is in particular indicated in 
FIG.-6, where the pipe wall 25 has a bulge 26 or an 
annular constriction. Sleeve 10 is drawn in or necked at 
the corresponding point, but it is ensured that the sen 
sors 17 maintain the same spacing and angular position 
with respect to the deformed wall portion 26. 
FIG. 8 shows in greater detail the coupling of sleeve 

10 to the last scraper body 4, having in the vicinity of 
the last guide roller set 9 a support plate 27. An interme 
diate plate 29 is coupled by a universal joint 28 to sup 
port plate 27. Sleeve 10 is attached by tie rods 30 to 
intermediate plate 29. Both ends of the tie rods are 
articulated by ball and socket joints 31, 32 to intermedi 
ate plate 29 or bearing blocks 33, which are ?xed to the 
support ?ange 13 of sleeve 10 by cotter pins 34. Finally, 
sleeve 10 provided in the center of support ?ange 13 
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6 
with a large area recess 35, so as to permit the free 
through-flow of the transported medium. 
As can be gathered from FIG. 8, the tie rods 30 are 

arranged obliquely, preferably in such a way that they 
are roughly in the conical surface de?ned by the conical 
portion 12 of sleeve 10 or parallel thereto. 
What is claimed is: 
1. An apparatus, for the measurement and non 

destructive material testing of laid pipelines including a 
scraper moved through the pipeline and guided on an 
inner wall thereof and at least one circular support with 
sensors arranged on a circumference thereof and at least 
one pressure-tight casing, which receives devices for 
processing and recording measured values and for a 
power supply, therein the support is constructed as a 
cylindrical sleeve of a rubber elastic material and is 
provided with an axially, radially and circumferentially 
regular pro?le, and protuberances located on a cylindri 
cal envelope surface with a somewhat larger external 
diameter than the internal diameter of the pipeline, and 
depressions provided for containing the sensors on sur 
face concentric to the envelope surface, and wherein 
the protuberances and depressions extend in a direction 
substantially axially parallel to a longitudinal axis of the 
cylindrical sleeve. 

2. An apparatus according to claim 1, wherein the 
depressions are formed by grooves in the cylindrical 
sleeve. 

3. An apparatus according to claim 1, wherein the 
cylindrical sleeve is internally provided with substan 
tially axially parallel grooves in the vicinity of the pro 
tuberances. 

4. An apparatus according to claim 1, wherein the 
vicinity of the protuberances, the sleeve is provided 
with a narrow pattern of small diameter holes. 

. 5. An apparatus according to claim 1, wherein the 
protuberances and said depressions are at an acute angle 
with respect to the longitudinal axis of the cylindrical 
sleeve. 

6. An apparatus according to claim 5, wherein the 
acute angle between the depressions and the longitudi 
nal axis of the cylindrical sleeve is such that the effec 
tive areas of the sensors successively arranged in the 
depression overlap one another in the axial direction. 

7. An apparatus according to claim 6, wherein the 
length of the depressions is such that the effective areas 
of the last sensor in one of the depressions and those of 
the ?rst sensor in the adjacent depression overlap one 
another. 

8. An apparatus according to claim 1, wherein the 
sleeve has threaded bushes open towards the inside for 
?xing the sensors. 

9. An apparatus according to claim 4, wherein 
threaded bushes are arranged in portions of the sleeve 
forming the depressions between the holes receiving the 
sensors. 

10. An apparatus according to claim 1, wherein the 
leading end of the sleeve in the direction of movement 
of the scraper is conically drawn inwards to a support 
flange by means of which it is ?xed to the scraper. 

11. An apparatus, according to claim 1, wherein a 
universal joint means is provided for connecting the 
sleeve to the scraper. 

12. An apparatus according to claim 11, wherein the 
sleeve is attached to a trailing end of the scraper, as 
viewed in a direction of movement. 

13. An apparatus according to claim 11, wherein the 
universal joint means is positioned at a limited distance 
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behind guide rollers engaging on the pipe wall provided 
at the trailing end of the scraper. 

14. An apparatus according to claim 11, wherein 
several tie rods are distributed about the longitudinal 
axis of the cylindrical sleeve and spherically mounted at 
both ends, and disposed between the universal joint 
means and the support ?ange for the cylindrical sleeve. 

15. An apparatus according to claim 15, wherein the 
tie rods ends facing the scraper are spherically mounted 
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8 
on an intermediate plate means carrying the universal 
joint means. 

16. An apparatus according to claim 15, wherein the 
tie rods slope outwards from the intermediate plate. 

17. An apparatus according to claims 16, wherein the 
sloping tie rods are located in the extension of an in 
wardly drawn conical surface. 
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